ABSTRACT Using nondenaturing polyacrylamide gel electrophoresis, we have identified two distinct myosin isoenzymes in human atrial tissue that correspond to the V1 and V3 isomyosins found in rat ventricular tissue. Normal left and right atrial appendages have approximately 50% V3. When the left atrium was exposed to hemodynamic overload secondary to mitral stenosis, the percent V3 increased to 77 + 10% (n = 10); exposure to hemodynamic overload secondary to mitral regurgitation caused an increase to 70 14% (n = 6). Changes in the isoenzyme pattern were seen in the right atria of patients with mitral stenosis and markedly elevated pulmonary arterial pressures compared with control subjects and patients with mitral stenosis without severe pulmonary hypertension. Several clinical variables were examined to determine which factors might influence isoenzyme expression. Age, sex, the presence of atrial fibrillation, and pulmonary capillary wedge pressure did not predict the isoenzyme pattern. However, patients with mitral valvular disease and only slightly enlarged left atria tended to have a higher percent V3 than those with massively enlarged atria. These data confirm that human atrial tissue, like rat ventricular tissue, can alter its isomyosin composition in response to a hemodynamic load. The data further suggest that the isoenzyme shift is an early adaptation to the imposed load. Circulation 74, No. 3, 477-483, 1986. EXPERIMENTAL STUDIES in many mammalian species have demonstrated that the biochemical constituents of the myocardium, especially the heavy chains of myosin, influence the mechanical performance of cardiac muscle1' 2 and that changes in expression of the various isomyosins mediate myocardial adaptations to imposed loads and/or hormonal stimuli.3'4 This is particularly apparent in rodents and other small animals. Several investigators have shown, for example, that the imposition of hypertension or aortic stenosis on rat ventricle shifts the normally V1 predominant isomyosin to V3, which is associated with reduced ATPase activity and with depressed mechanical properties. Conversely, the superimposition of physical training or hyperthyroidism increases the percentage of V1, the associated ATPase activities, and the velocity of contraction of the intact muscle.3 5-In human ventricular tissue, which is composed almost exclusively of an isomyosin homodimer with a From
slow ATPase activity,8' 9 dynamic biochemical changes in response to imposed loads have been difficult to demonstrate and results to date have been con- tradictory.Y' 10-12 Human atrial myosin has been recently characterized and is composed predominantly of an aa-homodimer that corresponds to the V1 species identified in the rat.'3 Using immunofluorescent techniques, Gorza et al. 14 and Yazaki et al. 15 have suggested that human atrial tissue can respond to hemodynamic loads, as might be seen with mitral valvular disease, by altering the distribution of its specific isomyosins.
This study was undertaken to confirm and extend this observation. We studied isomyosin distribution using nondenaturing polyacrylamide gel electrophoresis in atrial tissue obtained at the time of open heart surgery in seven control subjects, 12 patients with mitral stenosis, and seven patients with mitral insufficiency. Although all patients had symptomatic valvular disease, the duration and severity of the lesions varied. Almost all patients underwent complete right and left heart catheterization and two-dimensional echocardiography before surgery. In most patients, both right and left atrial tissue was characterized. From this it was hoped that a description of the features that determine isomyosin expression in human atrial tissue would emerge.
Methods
Tissue collection. Human specimens were collected at the time of open heart surgery. A small portion of the right atrial appendage was incised during cannulation for cardiopulmonary bypass. The left atrial appendage was trimmed to provide access to the mitral valve according to routine operative procedure and to prevent postoperative thrombus formation.
Once excised, all specimens were placed in iced 50% glycerol buffer containing 50 mM KCl and 10 mM KPO4 and stored at -700 C. 16 Contractile proteins. Crude tissue extracts were obtained by a slightly modified procedure of Mercadier et al. 3 Approximately 10 to 40mg of tissue was extracted for 30 min at 40 C with 8 to 10 vol of a solution of 0.3M KCI, 0.IM Na4P207, 0.1M KH2PO4, 0.05M K2HPO4, 0.001MMgC12, 3 mM NaN3, 1 mM DTT, and 0.2mM PMSF (pH 6.6). The homogenate was centrifuged at 10,000 g for 20 min at 40 C. The supematant was then dialyzed against 40 mM Na4P207-0.2%. ,B-mercaptoethanol, mixed with an equal volume of cold glycerol, and stored at -70°C until ready for use.
Myosin isoenzyme analysis from crude myosin extracts was done by polyacrylamide gel electrophoresis using nondenaturing conditions at 20 C in a Pharmacia apparatus (GE 2/4) as described by Hoh et al. 4 and d'Albis et al. 17 The running buffer contained 0.02M Na4P207, 10% glycerol, O.00iM EDTA, and 0.01% (v/v) ,3-MSH (pH 8.5). Cylindrical 4% polyacrylamide gel columns (60 x 6 mm) were prepared with acrylamide and N,N'-methylene bisacrylamide (30:0.8). Approximately 5 to 7
,ug of crude myosin extracted protein were layered on each gel and analyzed at a constant voltage gradient of 14 V/cm for 20 to 22 hr. The gels were stained and destrained with Coomassie blue, and densitometric scans were recorded at 605 nm on a Beckman Acta M-VI spectrophotometer. The relative semiquantitative estimate of each isoenzyme was calculated from the area under the peak height by planimetry and also by integration of the densitometric scans with a Hewlett-Packard integrator (Model 3390A).
Some of the crude preparations from left and right atrial tissues were further purified to obtain small amounts of purified myosin. The samples were analyzed by sodium dodecyl sulfate gradient (5% to 15%) slab gel electrophoresis in tris-glycine buffer. 18 The relative size of the heavy chain band did not vary in control or pathologic specimens. Contaminant proteins and evidence of proteolytic breakdown were not detected in these preparations. Purified myosin preparations were also analyzed by polyacrylamide gel electrophoresis under nondenaturing conditions at 20 C. 
Results
The clinical characteristics and isomyosin data of the patient groups are shown in table 1 . The control group consisted of seven subjects: five who underwent coronary artery bypass surgery, one who underwent intracardiac repair for tetralogy of Fallot, and one who was placed on cardiopulmonary bypass for life-threatening hypothermia. Of these seven only one, the patient with long-standing hypertension, had left ventricular hypertrophy and none had enlarged left or right atria noted at the time of operation. Only left atrial data from the patient with tetralogy of Fallot are included in the statistical analysis because of the possibility that the right atria might have developed uniquely in the face of the congenital pulmonary stenosis. None of these patients were taking antimetabolites or other drugs that might have interfered with protein synthesis. The mean age of the control group was 51 + 23 years and four were men.
Twelve patients with predominant mitral stenosis were studied. The etiology in all was presumed to be rheumatic. The patients ranged in age from 19 to 70 years (mean 48 + 15) 10 were women. All were symptomatic, although two (Nos. 1 and 2) had symptoms only during pregnancy. All had left atrial enlargement by echocardiographic criteria that varied from + to + + + +. Of the patients who underwent heart catheterization, all but one had elevated pulmonary arterial pressure. However, a subset of four patients could be identified (Nos. 3, 8, 9, and 10) who had marked (>1200 dyne-sec-cm-5) pulmonary hypertension. The mean mitral valve area of the entire group was 0.75 + 0.30 cm2/m2 and that of patients with severe pulmonary hypertension was 0.49 + 0.14 cm2/m2 (p < .05 vs those without severe pulmonary hypertension).
Seven patients with predominant mitral insufficiency were studied. The etiology was rheumatic in four and ischemic, myxomatous degeneration, and bacterial endocarditis in one each. Four were women and the mean age of this group was 52 + 12 years. The patient with endocarditis had symptoms for only 2 to 3 weeks before undergoing mitral valve replacement. The remainder of patients had long-standing symptoms.
Cardiac isomyosin data are summarized in isomyosins. Our results differ slightly from the data presented by these authors in that we have found a higher percent V3 in both normal left atrium and right atrium than previously reported. This may be due to differences in the biochemical technique compared with the immunochemical approach or to regional differences in isoenzyme distribution throughout the left and right atria.23 Tissue sampled in our study was obtained from the atrial appendages, whereas these other workers have sampled throughout the atrial cavity.
An additional conclusion from this study is that the isomyosin constituents of human atrial tissue appear to be altered in response to hemodynamic overload. Mitral stenosis is associated with 77% V3 in the left atrium and mitral insufficiency with 70% V3, in contrast to 51% in control subjects (p < .001 and p < .01 vs control). Right atrial myosin is not altered in either condition, suggesting that the stimulus to altered biochemical expression is hemodynamic and not hormonal as has been suggested in some animal studies.1 2, 4 The right atrium does appear to have the capacity to alter its genetic expression and its isomyosin distribution in the presence of pulmonary hypertensin (79% vs 52%; p < .01). This most likely reflects a combined pressure/volume overload in these atria with elevated right ventricular end-diastolic pressures and probable tricuspid regurgitation even in the absence of obvious right atrial enlargement. The possibility that alterations in the light chain structure in the overloaded atria might also occur, as has been suggested by CumminsI4 and Hirzel et al.,25 was not addressed in this study. 
